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A B S T R A C T   

Equine pituitary pars intermedia dysfunction (PPID) is common in aged horses. The majority of horses respond 
well to treatment, but treatment is lifelong, meaning accurate diagnosis of PPID is important. Similar to any 
condition, there is no perfect laboratory test to diagnose PPID and accuracy is affected by the characteristics of 
the population in which the test is being evaluated. This review details the importance of consideration of clinical 
factors and diagnostic test accuracy. Basal adrenocorticotrophic hormone (ACTH) concentration is used most 
frequently in practice and has very good diagnostic accuracy when used in combination with clinical judgement 
and the correct application of diagnostic thresholds. The thyrotropin-releasing hormone stimulation test can be 
used in horses with equivocal test results following basal ACTH testing, or to evaluate subtle cases due to its 
improved accuracy.   

Introduction 

The first stage in the diagnostic reasoning process is consideration of 
signalment, history and clinical signs (Croskerry, 2009). Diagnostic 
hypotheses should be generated based on these factors, as these have a 
large impact on the accuracy of subsequent testing. The interpretation of 
diagnostic tests is influenced by the pre-test probability (the probability 
of the suspected disease in an individual given their clinical signs). 
Positive test results are likely to be inaccurate in animals with a low 
pre-test probability of pituitary pars intermedia dysfunction (PPID), 
whereas test accuracy is far higher when applied to those considered 
likely to have PPID. Therefore, considering the initial likelihood of PPID 
prior to diagnostic testing is a vital initial step in diagnosis. 

Factors associated with pre-test probability of PPID 

Age 

Knowledge of disease prevalence in the population can be used to 
give an initial estimate of pre-test probability. In a large study of horses 
of all ages, PPID prevalence was 2.9% (Welsh et al., 2016). PPID is rare 
in younger equids, and only 3% of cases in a multi-centre retrospective 
cohort study were aged < 10 years (Rohrbach et al., 2012). Median age 
at PPID diagnosis was reported as 21 years (interquartile range 15–26 

years; Welsh et al., 2016), and an 18% increase in odds of PPID was 
reported in horses/ponies for every year > 15 years of age (McGowan 
et al., 2013). In horses/ponies aged ≥ 15 years, two field-based studies 
conducted in Denmark and Australia reported an identical prevalence of 
21.2%, despite utilising different sample selection and diagnostic testing 
strategies (Christiansen, 2009; McGowan et al., 2013). Pars intermedia 
(PI) adenomatous hyperplasia or adenoma was identified at 
post-mortem examination in 27.0% of equids aged > 15 years (Miller 
et al., 2016). Taken together, these data support that PPID is more 
prevalent in older individuals. However, when PPID testing is based on 
age alone, pre-test probability is moderate (i.e. approximately 21–27% 
based on the above studies) and further pre-selection is important. 

Sex and breed 

There are conflicting findings regarding sex predisposition (Rohr
bach et al., 2012; McGowan et al., 2013; Ireland and McGowan, 2018), 
therefore sex is unlikely to be helpful for estimating pre-test probability. 
While results of a systematic review demonstrated pony breeds were 
overrepresented in several studies (Ireland and McGowan, 2018), there 
was no difference in odds of PPID between horses and ponies in the only 
study to date that has evaluated pony phenotype as a risk factor 
(McGowan et al., 2013). As there is no evidence supporting a breed 
predisposition to PPID, breed or type is of limited use for estimating 
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pre-test probability. However, breed differences in basal adrenocorti
cotrophic hormone (ACTH) concentrations have been reported and 
should be considered in interpretation of laboratory test results for PPID 
diagnosis (Durham et al., 2022; Bamford et al., 2023). 

Clinical signs and co-morbidities 

As found in a systematic review, data pertaining to clinical signs have 
come mainly from small case series, often including many advanced 
PPID cases (Ireland and McGowan, 2018), whereas early cases may 
present with few or subtle signs. Hair coat abnormalities are frequently 
reported, ranging from abnormal shedding patterns to overt regional or 
generalised hypertrichosis (Ireland and McGowan, 2018); however, 
comparison of research studies is challenging due to lack of consistency 
and definition of the coat changes. Hypertrichosis, defined simply as 
excessive hair growth (Saleh et al., 2022), is a subjective clinical sign, 
which is more frequently observed in ponies than horses (McGowan 
et al., 2010; Ireland et al., 2012). Observation of delayed shedding is 
influenced by season, and a clinical examination at a single time point is 
unlikely to detect all coat abnormalities exhibited over time. Therefore, 
owner-reported changes are important to provide a complete assessment 
(McGowan et al., 2013). Generalised hypertrichosis is considered to 
indicate advanced disease (Hart et al., 2021), and while few studies 
specifically separate hypertrichosis and delayed shedding, it is logical 
that delayed shedding may be more frequently observed in earlier cases 
as was recently supported by a case series (Kirkwood et al., 2022). In a 
small population of 36 horses, where PPID prevalence was 39%, 
hypertrichosis (defined as a long curly coat, delayed winter coat shed
ding relative to other horses on the same premises, or retained hair on 
physical examination) was reported to be highly specific for PPID (95%), 
with a positive predictive value of 91% (Frank et al., 2006). Using 
similar criteria (owner-reported long hair coat and/or delayed shed
ding), hypertrichosis was associated with increased odds of PPID (odds 
ratio 7.8; McGowan et al., 2013). Therefore, in equids with character
istic hair coat changes, the pre-test probability of PPID can be considered 
to be high. 

Laminitis is a prevalent co-morbidity in PPID cases (Ireland and 
McGowan, 2018; Horn et al., 2019; Tadros et al., 2019) and PPID has 
been diagnosed in 20–34% of equids with laminitis (Karikoski et al., 
2011; Welsh et al., 2016). Other common signs in PPID-affected equids 
include epaxial muscle atrophy, lethargy/docility, weight loss, recur
rent/opportunistic infections, hyperhidrosis, polyuria and polydipsia, 
and abnormal fat distribution/regional adiposity (Rohrbach et al., 2012; 
Ireland and McGowan, 2018; Horn et al., 2019). Although these signs 
are frequently reported, there is limited evidence directly associating 
them with PPID. While greater proportions of PPID cases had muscle 
atrophy, lethargy, polyuria and polydipsia compared to unaffected aged 
horses/ponies, only owner-reported coat abnormalities were associated 
with PPID on multivariable analysis (McGowan et al., 2013). In a study 
including 2989 horses with at least one ‘typical’ sign, odds of PPID were 
not increased with recurrent/opportunistic infections, polydipsia or 
abnormal fat distribution, but delayed shedding and hyperhidrosis were 
positively associated with PPID (Grubbs et al., 2020). Less frequently 
reported signs include poor wound healing, pot-bellied appearance, 
bulging supraorbital fat, inappropriate lactation, infertility, lordosis, 
corneal ulceration, anhidrosis/heat stress, polyphagia, ataxia and sei
zures (McGowan and Neiger, 2003; Rohrbach et al., 2012; Spelta and 
Axon, 2012; Ireland and McGowan, 2018; Horn et al., 2019). Unfortu
nately, there is a paucity of evidence regarding the association between 
these signs and PPID and many may simply be related to age. The 
combination of age and clinical signs, most notably hair coat abnor
malities, provides the most effective means by which to estimate pre-test 
probability in an individual, which is vital both for selecting appropriate 
cases for diagnostic testing and for interpretation of test results. 

Pathophysiology of PPID in relation to diagnosis of PPID 

PPID is an age-related neurodegenerative disorder that ultimately 
results in a loss of dopaminergic inhibition of the pituitary PI, increasing 
melanotrope activity and plasma concentrations of the peptide de
rivatives from the PI (McFarlane, 2011). The increased PI activity also 
results in changes to the melanotrope cells histologically, with hyper
plastic, micro adenomatous and adenomatous change (Miller et al., 
2008). 

PPI endocrine products 

The endocrine products in PPID remain poorly understood in terms 
of secretory patterns, molecular identities and functional characteristics. 
Melanotropes of the PI are known to secrete peptides cleaved from the 
241-amino acid peptide pro-opiolipomelanocortin (POMC; McFarlane, 
2011). Work in other species indicates processing of POMC in the PI 
results from the action of the endopeptidases prohormone convertase 1 
(PC1, also known as PC3 and PC1/3), PC2 and carboxypeptidase A 
(CPE-A), with further modifications including amidation and acetylation 
of some products (Lindberg and Fricker, 2021). 

The initial peptide products resulting from PC1 cleavage of POMC 
comprise pro-gamma-melanocyte stimulating hormone (pro-gamma- 
MSH), ACTH and beta-lipotropin (beta-LPH; Fig. 1). Subsequent action 
by PC2 and CPE-A cleaves pro-gamma-MSH into gamma-MSH, ACTH 
into alpha-MSH (ACTH1–17) and corticotrophin-like intermediate lobe 
peptide (CLIP, ACTH18–39), beta-LPH into beta-MSH (beta-LPH41–58) and 
beta-endorphin (beta-LPH61–91; Harno et al., 2018). CLIP may be further 
cleaved to beta-cell tropin (ACTH22–39) in some species (Beloff-Chain 
et al., 1983; Fig. 1). Conclusions from equine studies are largely in 
accordance with this peptide cascade describing upregulation of POMC, 
PC1 and PC2 activities in PPID cases (Carmalt et al., 2018). Additionally, 
plasma and PI tissue from PPID cases have been shown to contain 
greater concentrations of POMC end products (alpha, beta, 
gamma-MSH, beta-END and CLIP) than intermediate products (ACTH, 
beta-LPH) although unidentified peptides also exist (Wilson et al., 1982; 
Orth et al., 1982; Heinrichs et al., 1990; Carmalt et al., 2018). 

Laboratory tests for PPID 

Many laboratory tests have been used to support a diagnosis of PPID 
including basal concentrations of PI peptides and several dynamic tests, 
with measurement of basal plasma ACTH continuing to be the most 
popular diagnostic biomarker (Durham et al., 2014). It is generally 
accepted that the diagnostic usefulness of plasma ACTH concentration is 
further enhanced by measurement following thyrotropin-releasing 
hormone (TRH) administration although problems exist with 
autumnal interpretations (Beech et al., 2007; Beech et al., 2011a, 2011b; 
Funk et al., 2011). Given the relative abundance of POMC peptides in 

Fig. 1. Illustration of proteolytic cleavage of proopiolipomelanocortin into 
intermediate peptides following the action of prohormone convertase 1, and 
end-product peptides following the action of prohormone convertase 2 and 
carboxypeptidase A. 
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plasma described above (Orth et al., 1982; Wilson et al., 1982; Heinrichs 
et al., 1990; Carmalt et al., 2018), the choice of ACTH as the preferred 
biomarker for PPID does not appear entirely logical but likely came 
about due to ACTH assays being readily available commercially and, 
also possibly an assumption of analogy between PPID in equids and 
pituitary-dependent hyperadrenocorticism in other species where ACTH 
was already an established biomarker (Bennaim et al., 2019). With 
hindsight, neither of these reasons is robust, but nevertheless, basal 
plasma ACTH is a test of good sensitivity and high specificity (Tatum 
et al., 2021). Furthermore, currently no further simple biomarkers have 
been found to outperform basal plasma ACTH. Plasma ACTH and 
alpha-MSH concentrations are highly correlated suggesting that the 
latter peptide is also worthy of consideration as a diagnostic marker for 
PPID (McGowan et al., 2013). However, although alpha-MSH had 
greater specificity than ACTH through most of the year, sensitivity was 
lower; and the two peptides had similar diagnostic value in the autumn 
(McGowan et al., 2013). Additionally, there is currently no validated 
assay for equine alpha-MSH (or any PI peptide other than ACTH) suit
able for rapid testing of large numbers of clinical samples. 

Assays for ACTH concentration 

Measurement of equine plasma ACTH concentration has been vali
dated using radioimmunoassays (Van Der Kolk et al., 1995; Couetil 
et al., 1996), a radioimmunometric assay (Lee et al., 2010), chemilu
minescent assays (CLAs; Perkins et al., 2002; Carmalt et al., 2018; 
Humphreys et al., 2022) and an immunofluorescent assay (IFA; Irvine 
et al., 2016). The CLAs and IFA offer significant advantages in being 
automated and avoiding radiation safety issues. It is clear that the 
various immunoassays generate discordant ACTH values which cannot 
be directly compared, reflecting important technical differences 
including antibody types, target sequences and binding affinity. The 
majority of publications and diagnostic laboratories reporting equine 
plasma ACTH concentration have used a CLA method of which there are 
three generations known as Immulite 1000, 2000 and 2000XPi (Siemens 
Healthcare Limited, Camberley, UK). Although results on these three 
platforms are proportionate to one another, they do differ (higher con
centrations measured with Immulite 1000 compared with the newer 
generations, AED unpublished data) and therefore this should also be 
taken into account when results are considered. 

It is also important to recognise that although laboratories report 
measured values as plasma ACTH concentration, all immunoassays 
quantify ‘immunoreactive ACTH’ and not necessarily true ‘bioactive 
ACTH’. That is, any peptides that bind to the antibodies in the particular 
immunoassay used will contribute to the measured ACTH value whether 
or not these peptides exactly correspond to the 39 amino-acid ACTH 
peptide. This was illustrated by one study which compared plasma 
ACTH concentrations measured in ponies using CLA and IFA methods 
(Knowles et al., 2018). The CLA method consistently measured higher 
values than the IFA, with the difference in measured ACTH concentra
tions being small in the spring but much larger in the autumn. This was 
considered to be a consequence of the CLA detecting a proportion 
(approximately 13–17%) of CLIP (ACTH18–39) which also partially 
bound the antibody in the ACTH CLA and was presumably secreted in 
greater abundance in the autumn. This might be viewed as a disad
vantage of the CLA as the measured ACTH values are falsely increased in 
the autumn (CLA generates false positive results for plasma ACTH), or 
possibly an advantage in that the CLA detected further diagnostically 
useful PI peptides which the IFA did not (IFA generates false negative 
results for PPID). This question remains unanswered with some studies 
suggesting diagnostic accuracy of the CLA assay is greatest in the 
autumn (Copas and Durham, 2012; McGowan et al., 2013; Durham 
et al., 2021), presumably as a consequence of this cross-reactivity, 
whereas others have found CLA to be less accurate in autumn (Horn 
et al., 2021). A further consequence of assay specificity is that the IFA, 
being a more ACTH-specific assay, was less able to detect plasma ACTH 

which had begun to degrade post-sampling, suggesting that the CLA has 
an advantage in this respect in clinical samples shipped with some delay 
to a testing laboratory (Knowles et al., 2018). Nevertheless, as ACTH is 
relatively unstable, blood samples should be kept chilled, centrifuged 
and ideally analysed within 24 h of collection. Freezing and thawing of 
plasma significantly decreases measured ACTH values (Hu et al., 2020). 

Basal ACTH concentration measurement in the diagnosis of PPID 

Diagnostic test accuracy 

Basal ACTH has a consistently good test accuracy, with a tendency 
for a better test specificity than sensitivity. It is the most frequently used 
test in practice for both diagnosis and monitoring of PPID (Ireland and 
McGowan, 2021; Rumfola et al., 2022). Based on systematic review, 
summary estimates for sensitivity were 75.5% or 72% and 95.2% or 88% 
for specificity (Tatum et al., 2021 and Meyer et al., 2022 respectively). 
The sensitivity of a test is a measure of the ability to correctly identify 
horses with PPID (true positives; Shreffler and Huecker, 2022). 
Conversely, specificity is the ability of the test to correctly identify 
horses without PPID (true negatives; Shreffler and Huecker, 2022). 
While the reported sensitivity of basal ACTH is good, it could return false 
negative results in horses with PPID, thus missing the diagnosis. The 
high specificity of basal ACTH means false positives are unlikely. 

It is important to note that these sensitivity and specificity values 
were derived from different studies with varying reference standards or 
criteria for diagnosis or exclusion of PPID using different cut-off values 
for a positive and negative diagnosis, relevant to the analytical tech
nique and, in some studies, season (Tatum et al., 2021; Meyer et al., 
2022). Despite the differences, and the difficulty in defining a reference 
standard for PPID, both reviews yielded similar estimates for sensitivity 
and specificity, supporting that these numbers are likely accurate, yet 
subject to bias. 

The cut-off value and sensitivity and specificity are linked, where a 
higher cut-off value for basal ACTH concentration produces a higher 
specificity and lower sensitivity. Until recently, most laboratories have 
used cut-offs based on the upper limit of laboratory reference intervals 
(Tatum et al., 2021), which by definition, err towards higher specificity 
(Ireland and McGowan, 2023). 

Interpreting basal ACTH using disease prevalence 

Sensitivity and specificity are not the only indicators of test accuracy, 
and test accuracy can be improved by incorporating disease prevalence 
(Barrett and Fardy, 2021). Including estimation of disease prevalence 
allows calculation of positive and negative predictive values. A high 
positive predictive value (PPV) represents confidence that a positive test 
is truly positive and a high negative predictive value (NPV) confidence 
that a negative test is truly negative (Barrett and Fardy, 2021). 

As prevalence increase PPV increases and NPV decreases (Table 1). 
At a prevalence of 21% in horses 15 years and older (McGowan et al., 
2013), using median sensitivity and specificity (Tatum et al., 2021), the 
PPV would be 80.7% and NPV 93.6%. At a prevalence of 64%, reported 

Table 1 
Relationship between prevalence of pituitary pars intermedia dysfunction 
(PPID) and positive (PPV) and negative (NPV) predictive values. A high PPV 
represents confidence that a positive test is truly positive and a high NPV con
fidence that a negative test is truly negative.   

Prevalence of PPID 
3% 

Prevalence of PPID 
21% 

Prevalence of PPID 
64% 

PPV  32.7%  80.7%  96.5% 
NPV  99.2%  93.6%  68.6% 

PPV and NPV calculated using sensitivity of 75.5% and specificity of 95.2% 
(Tatum et al., 2021) 
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in equids with hair coat abnormalities (hypertrichosis and/or delayed 
shedding recorded in laboratory submissions; Durham et al., 2021), the 
PPV increases to 96.5% and NPV decreases to 68.6%. At a prevalence of 
3%, representing the likelihood of PPID in the general 
veterinarian-attended horse population (Welsh et al., 2016), a high NPV 
is anticipated as a negative test result is expected in the vast majority of 
horses, while the PPV is approximately 33% indicting low certainty that 
a positive result is truly positive. 

Interpreting basal ACTH using clinical presentation 

The evidence for test accuracy can be used with clinicians’ ability to 
estimate disease prevalence based on age and clinical signs of disease to 
maximise diagnostic ability in horses with suspected PPID. Defined as 
pre-test probability, it represents the probability of the suspected disease 
in an individual given their clinical presentation (Fanshawe et al., 
2018). Other factors such as month and breed (Durham et al., 2022), 
handling and testing conditions will also need to be factored in (Durham 
et al., 2014). 

Basal ACTH concentration in aged horses showing specific clinical 
signs of PPID will have a high PPV (Table 1) based on a high pre-test 
probability (due to high disease prevalence), meaning positive results 
are highly likely to be true positives and the clinician can be confident of 
the result. Similarly, in horses showing clinical signs of PPID the NPV is 
lower and a negative result provides less assurance that the horse does 
not have the disease and repeat testing or use of a lower cut-off value 
(use of the lower threshold; see below and Table 2) in horses where the 
clinician is still suspicious of disease may be appropriate (Durham et al., 
2021). 

Basal ACTH concentrations in young horses showing few or non- 
specific signs of PPID will have a lower PPV (Table 1) based on a low 
pre-test probability (due to low disease prevalence). This means positive 
test results may be false positives and clinicians cannot be confident in 
the test result. The lack of confidence in basal ACTH in younger horses 
not showing signs of PPID has led experts to recommend not testing 
horses without clinical signs of disease (Hart et al., 2021). 

Diagnostic thresholds and equivocal zones for basal ACTH concentration 
results 

Diagnostic thresholds are a form of clinical decision limits defined as 

thresholds above or below which a specific medical decision is recom
mended (Ozarda et al., 2018). Research involving large datasets to 
determine diagnostic thresholds throughout the year have been derived 
from a clinical laboratory population (Durham et al., 2021). The derived 
thresholds were based on 95% sensitivity (low threshold) or 95% 
specificity (high threshold) and varied throughout the year to incorpo
rate circannual changes. These thresholds can be applied to different 
clinical case presentations to aid interpretation of test results (Durham 
et al., 2021; Table 2). This research has also been used to define an 
equivocal zone (where results fall in between 95% sensitivity and 95% 
specificity thresholds) in expert recommendations (Hart et al., 2021). 
Where basal ACTH results fall in the equivocal zone, the TRH stimula
tion can be used for further evaluation. 

Use of the thyrotropin stimulation test in the diagnosis of PPID 

The TRH stimulation test is recommended as a dynamic test to 
further evaluate horses with suggestive clinical signs and normal or 
equivocal basal ACTH concentrations or in cases with subtle signs (Hart 
et al., 2021). It has increased accuracy in the diagnosis of PPID (Horn 
et al., 2021; Adams et al., 2023). There is also evidence that the TRH 
stimulation test can detect subclinical disease (Beech et al., 2007; Horn 
et al., 2021; Kirkwood et al., 2022). However, in practice, testing in the 
absence of clinical signs is not recommended. 

TRH receptors are expressed in the PI, with TRH administration 
resulting in POMC-derived peptide secretion from melanotropes of 
normal horses, and an exaggerated response from the hyperplastic PI of 
PPID horses (McFarlane et al., 2006). The TRH stimulation test involves 
administration of 1 mg of synthetic TRH (0.5 mg for ponies) intrave
nously, with blood collected before and after either 10 or 30 min (Beech 
et al., 2007). The 10 min post-TRH assessment of plasma ACTH is more 
convenient for veterinary practitioners (Hart et al., 2021). However, it is 
essential that samples are collected precisely at 10 min as a deviation of 
only 1 min, with sampling at 9 or 11 min can change the median ACTH 
concentration by 10% (range 0–92%). In one report, sampling 1 min 
early or late resulted in deviation of the ACTH concentration by ≥ 10% 
in 75% (n = 18/24) of horses and led to an erroneous diagnosis of PPID 
status in 21% (n = 5/24) horses (Thane et al., 2022). For this reason, 
other groups have preferred to use a 30-min post TRH administration 
time point, especially when sampling multiple horses as the gradient of 
the ACTH response curve to TRH administration is flatter at this time 

Table 2 
Use of measures of diagnostic test accuracy in combination with clinical judgement to maximise confidence in clinical diagnosis of pituitary pars intermedia 
dysfunction using basal adrenocorticotrophic hormone concentrations.  

Clinical presentation Signs of PPID Test considerations Confidence of 
positive result being 
truly positive 
(PPV;Table 1) 

Confidence of negative 
result being truly negative 
(NPV;Table 1) 

What to do if equivocal 
or non-supportive result 

Confirmation of 
disease or ‘rule in’ 

Advancing age and at least one 
clinical sign e.g. hypertrichosis, 
delayed shedding, muscle wastage, 
sweating, polydipsia 

Use most sensitive threshold 
(lower value ‘cut-off’) 

High Moderate – does not match 
clinical presentation and 
NPV can be < 70% 

Retest at a later date, or 
retest in the autumn, or 
use the TRH stimulation 
test 

Confirmation of 
absence of disease 
or ‘rule out’ 

Non-specific sign such as laminitis 
or weight loss in a younger animal 

Testing may be 
contraindicated. 
Use the most specific threshold 
(higher value ‘cut-off’) 

Low; PPV can be low 
(<33%) in absence 
of clinical signs 

High, particularly during 
autumn months (using the 
appropriate seasonal 
threshold) 

Use the TRH stimulation 
test 

Unsure of 
confirmation of 
presence or absence 
of disease 

Advancing age and 
a non-specific sign such as laminitis 
or weight loss; 
At least one clinical sign e.g. 
hypertrichosis, delayed shedding, 
muscle wastage, sweating, 
polydipsia 

Requires clinical judgement as 
well as diagnostic test result; 
With increasing clinical 
suspicion of disease, use more 
sensitive threshold (lower value 
‘cut-off’); 
With decreasing clinical 
suspicion use the most specific 
threshold (higher value ‘cut- 
off’) 

High 
(using the 
appropriate 
threshold) 

High 
(using the appropriate 
threshold) 

Retest at a later date, or 
retest in the autumn, or 
use the TRH stimulation 
test 

PPID, pituitary pars intermedia dysfunction; PPV, positive predictive value; NPV, negative predictive value; TRH, thyrotropin-releasing hormone 
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resulting in less minute-to-minute variation than at a 10 min time point 
(Beech et al., 2007; Funk et al., 2011; Horn et al., 2021; Kirkwood et al., 
2022). 

Peptides measured as basal immunoreactive ACTH appear distinct 
from the ACTH fragments measured after TRH stimulation, with dif
ferences identified when samples were concurrently measured on CLA 
versus IFA assays (McGilvray et al., 2020). Season also affects basal and 
post-TRH ACTH concentrations in horses with and without PPID, and 
seasonally specific thresholds for diagnosis of PPID specific for each type 
of analyser should always be utilized (Funk et al., 2011; Horn et al., 
2021). The storage of samples for later measurement of ACTH concen
tration does not appear to be affected by TRH stimulation (Hinrichsen 
et al., 2022; Hu et al., 2020). 

There is considerable individual variability in the magnitude of in
crease in ACTH concentration post TRH stimulation, with variability 
between animals influenced by season especially around the end of 
summer and beginning of autumn (Kam et al., 2021; Kirkwood et al., 
2022). Similar to basal ACTH, seasonal changes should be considered, 
either utilising circannual diagnostic thresholds or avoiding TRH stim
ulation testing in late summer and autumn (Horn et al., 2021; Durham 
et al., 2022). 

All equids suspected of having PPID should also be assessed for in
sulin dysregulation, ideally using dynamic testing. Simultaneous iden
tification of PPID and insulin resistance can be performed by combining 
a TRH stimulation test and a 2-step insulin sensitivity test by simulta
neous injection of TRH and insulin in the same syringe (Horn and Bertin, 
2019). The TRH stimulation test can also be performed immediately 
before an oral sugar test to identify hyperinsulinemia (Hodge et al., 
2019). This allows assessment of PPID status and insulin dysregulation 
on a single day. 

Basal and TRH stimulated ACTH concentrations at the 10 min time 
point decrease after treatment with pergolide and the TRH stimulation 
test can be used to monitor response to therapy, however basal and TRH 
stimulated ACTH concentrations may remain positive or in the equiv
ocal zone (Durham, 2022). Further, high inter- and intra-animal vari
ability has led to the recommendation for caution in interpretation of the 
TRH stimulation test if used for monitoring PPID (Bennet and McGowan 
2021). 

Although a compounded TRH solution is available in the USA that 
can be stored at room temperature (Goodale et al., 2013), most in
vestigators have utilised a chemical grade powder product (Sigma-Al
drich Co) that is made into a solution and stored in aliquots at − 20 ◦C 
for later use (Beech et al., 2011). In the UK and most of Europe, use of 
unlicensed chemicals (extemporaneous preparations) is restricted (GOV. 
UK, 2021), which limits use of the TRH stimulation test in these 
geographic regions. The TRH stimulation test has been associated with 
transient side effects such as yawning, muscle fasciculation, transient 
coughing, lip-smacking and the flehmen response. 

Conclusions 

Diagnosis of PPID should always include consideration of clinical 
presentation that affects the pre-test probability of PPID. Basal ACTH 
concentration is used most frequently in practice and has very good 
diagnostic test accuracy when used in combination with clinical 
judgement and the correct application of diagnostic thresholds. The TRH 
stimulation test can be used in horses with equivocal test results 
following basal ACTH testing, and also to evaluate subtle cases due to its 
improved accuracy. 
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